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ABSTRACT

This veport desceribes a new continental formation and vertebrate
Fanna from the cast shorve of Lake Ngapakaldi, a <alt pan in the central
Tirari Desert lying hetween the Birdsville stock voute and the eastern
shoreline of Lake Fyre in South Austvalia, The Tormation 1s a stream
channel of Triable, poorly sorted, pebhle conglomerates, and shales ent
mto folded elayvstones of the mud-Tertiary Etadunna Formation.

The mammals are mostly woodland kinds, inehuding koala-like, and
ringail and brushy-tail posswm-like arhoreal forms. .\ dasyurid, two
handicoots, 1 wombat, two rat kangaroos, a protemmodont mnacropodid,
and a diprotodontid ave also present. Most ol the fossils ave isolated
teeth bt there arve several well preserved mandibles and nnmerons
foot  hones,  Four solated  teeth  guestionably  rveferved to  the
Monotremata are deseribed. .\ new genus of wombal awd a new genus
of koala ave proposed.

Other lossils inelnde tish, chelonians, erocodile teeth, a hzard jaw
and oot hanes ol a large emulike bird,  Associated with the vertebrate
fossils wre impressions ol Kpealyplns leaves and evidence ol other
plants,

The age of the Tormation and toxsils s fentatively dated as
Miovene,

INTRODUCTION

During the past fen vears a sequence of middle to late Cainozoie
Formations and vertebrate tannas have heen recognized by the South
Australian Masenm-University ol Califorma Expeditions in the Tear
Desert ol the Lake yre region in Sonth Australia. A prelinnmary
report on this =equence was presented hy Stirton, Tedtford and Miller
e 1961, The oldest nu 1= the rather widespread Fwenstrine 1Stadunna
Formation (see Johus and badhrook, 1963) and iis Neapakaldi verte-
Drate Tanna which was tentatively dated as ate Ohgaocene. Following
T Museunt of Palenntology, I'ni\'vi'sily ot Calitornia, Berkeloy, N ‘
2 Departuient of Vevtehrate Paleontology, The Araeviesn Moasew of Natoral History, New York
*epartment of Geologien] Seicnces, Undversite of California, Niversdade,
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deposition, the Ftadunoa and mderlying Mesozole formations were
moderately Tolded by an uplitft that s thought to have ocemrred along
s anticlinal axis voughly paralleled by the Marvree-Bivdsville stock
ronte east of Lake Kyre,

Uphilt along the castern margin ol (he Lake Fyre basin modified
the depositicanl regime within the basin with the vegult that slvemm
chinnel and floodplan sands, =il and elayvs were  uperimmposed on
fhe tolded Ftndunna laenstrie deposiia, The deposits of the new
reginie were recognized (Htirtou, TodTard, and Miller, 196G as three
Formational nnils, the Mampnworda Sands, the Theavr Formation, nd
The Watipii Sands whieh probably range inoage from late Phocene
throngl Tate Pleistocene respectively, U was Torwerly thought that
the telatively Tong period between the depositicar ol the Ftadaonma
Formation and Ihe Mnmpnwordn Sands was not representoad by
vecogmizable rock units or by Tossil vetehrates o the Toart Desert,

[vidence of an ol stream-climmel deposit that Talls within this
interval was discovered by Poul 10 Laowsan daving the ecanrse af® liekd
expdovation on the 1962 expedition, These deposits, herem deseribed
as the Wipajie' Formaficn, were {he subject o a prelmmioary
deseviption by ns in HG4 The Wipajivi Formation contains a diverse
vertebrate assemblage designated as the Wndjponaepn® Fauna, Leal
impresstons were FTommnd o the shales ol Lhe upper part ol the Wipagjiri
Farmation,  Cadleetion of the leat” impressions was hindered by the
faet that the damp shales eneled npon deyving, They also were
Dhroken apart by the expansive aetion of salt eryvetals which Formed an
and between the lamuae when exposed (o the sun and air, We were
uble To seenve a few Tmpressions, however, and these, along with
eatelonl sketehes (He, 5) made at the outerap o the Geld, have heen
sticdied by Dec Havry D MacGinitre, Researeh Assaciate ol the Moscum
of Paleantology. Do Mactinitic has kindly permittod as 1o use the
Fallowing statentent, sent to the zemor anthor i the form of n letier
dated Februavy 19, 1965

T e Fosyils broughit 1o e by Mro Michael Waodbnrme Toan the Austadinm lorality
po, A B2 on the east shoee of e Nysepukahli ame etarly e impressions of come specivs

o Bredyptus, Ahongh Ve i pob enongh naderiad on whirh 1o formably deseritee a0 oew
sprcies, [oean dafinitaly say it We idestitieation s withond gquesiion,

ST fpressinng are those of laneenlote folede lonves, width 2 au., Jength 14 e,
COrom the drawing neudes at the site) o mddeile stondee: covondnries 0mmerons, thin, thsnons,
anEiog at angles of 15°, bhraneldng s snstomozsing near e margin 1o Farn s elenelorisli
marginal hene just within the marging lerfiory venstinn eongisiing of eloneated meshes, the
et length of the aneshes parallel to the seeomberion. Thie bad is ouarked by npnoaons
seadtoridd, selerophyltous dots which are nsptly ween i the Jeaves of the biving speciog,
Vs Pt nne foroa site along the eastern gide of  Lake Npapakaldi, meaning

wiklerenugse or slrownn; approved by the State Nomenelatnre Connniitee of Sonth Australia,
5 Wuljmmarpa.  New favnal name from the Ticod word meaning ©* many leaves' ' spproved

By 1l State Nowenelbture Committer of Soutl Australin,
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CAlhough it ddoes not seem possible to distipuish the living speeies of  Faealgptns un
the hawsis of theie folinge alone, 10 may be profitable 1o eall attestion to the resemblanee of

the tossil hwpressiong to the Jeaves of seyeral gpecics of laneeolate-leafed gums sueh us
Foomargineta Swiath, EooToagifolio Liuk, or I proplagea Deane & Maidea,*”

\ Mew < )
I\alamurmu

RN"'

Kalemurina

& Uwinyo
HIlI

Fa T
v/
) Mungmcmclv_)

~

L Kelemurine

»
————— L Mulapula Ng aka]d’

WJpa/tn
: V6213
P/Nkanfol \V 5858
; b xonunke ® Mulko
" mL_ Puntawolona
£ | 1 wm o
L
1389

L &

(‘
. &y
ot MADIGAN L8 L. Palankarinng C“""“ggl:""'““
GULF | " -
i t. Kaulo

. utkamnna

/ =

\’62[3: Ku!jomorp\f fauna. © s B 5 2 Base from Sbirlon, Tedfora ond
V5853 Ngeopokaldi founa. Miles Miller, 196),
A=position of L.Ngopaokeld? on indea mop.

TG, 1
Map of Tirar Desert, east of Lake Eyree, South Awsiralin, Nofe position of Takes
Neapakaldi, Puntawolonn amd Palanksrinna,

Begimning about 1,200 feet north of Locality V5838 on the east
shore of Lake Ngapakaldi (fig. 1), ferruginous conglomerates, sand-
stones and dark grev elaystones evop ont in an area abont 50 feet wide
and 900 feet long which Follows the northeast trend of the shoreline of
the lake (fig, 2). At the south end of the outerop, the deposits are
lost in the gypsiferons silts of the salt pan: to the north they are
covered by Quaternary or Reeent sand dunes. The Wipajiri Formation
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(Above.y  Plan view of east shore of Lake Ngupakaldi between fossil sites V-5858
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(Below.) Cross-section construoceted hetwecn measurad seetions 1, 2 wud 4 of the above plan
view, showing northward dip of Erudunna Formation.  Wipajiri Formution is channelied
imto the Etadonna ot V-6213.

ocenrs i a north-casterly trending stream channel whieh is cut down
mto the claystones ol the Etadunna Formation.  Although the relations
hetween the two Tormations appear discontformable, a slight angnlar
unconformity is indicated by low angle tilting of the Etadnnna Forma-
tion (strike N. 30°K., dip 2°NW). There is, however, na evidenee for
or against the Wipajiri being involved in the tilting, because of the
limited extent of the exposure and the nature of the contact between
the Tormations,
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The Wipajirt Formation can be subdivided into a basal coarse
clastic portion overlain by finely laminated leat-bearing shales (fig. 12,
B). The coarse clastics (units 3 and 5 of measured sectiou 5 in
Appendix) contain the vertebrate remains, while the upper shales
contain impressions of Fucalyplus leaves. The tyvpe locality of the
formation is at UCMP Locality V6213 (fig. 12, A), 1,835 feet ... 1°1,
of Locality V5858 (fig. 2). The oulline of the main quarry at V6213
as well as the positions of other pits and measured sections is shown

i fig. 4.

Sketch map of pits ond measured
sections at VE213
N
Shore line
of - vezi3
Lake Ngapakaldi S~ QUARRY
Line of Section 5
Sectian 4
Pit 2
Pit 1
?_ llO 20
Scole Section 3
in
teet
FIG, 4

Diagram showing location of pits. measured sections and outline of main quarry at
V-6213.
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The lower part ol the Wipajivi Formation is composed of o hasal
conglomerate sequence (soe measured section 5, Appendix A). The
hasil conglomerate 1s considerably coarser and nore heterogencons
than the pebble conglomerate and apparently represents nomore
vouthinl stage of erosion with greater competence and veloeity of the
stream,  The fivgt two units e lmited to the central part ot the
chiannel (see the bloek diagram, fig. 3) and are trumeated by the pehble
conglomerate, The laticr unit contaims the bulk of the Katjamarpu
favna.  The Kuealyptns-hraving shales of the uapper, finely laminated
portica ol the Tormation have also vielded oceasional turtle and fish
remains n asgociation with lenges ol white =and,

FPortunately, the excavation represented by section 4 (g 4) s
nearly perpendicular to that ol seetion § so that the confignration ol
fhe ehannel may be veadity seen (fig. 3). The trace of the decepest
part ol the ehannel frends about No 26715, which may explun the
north-easterly trend of the outevop pattern along the east shore of
the lake. Figuve 2 shows the northward element of the north-westerly
dip of the Ktadunna Formation between VHS8HS8 and V62131 fig. £ and
3 oshow that the Wipajirt iz chonueled into the hght grey and dark
grey elayvstones ol the Etadunna Formation. The dip of the Fladuuna
acconuts tor the Tact that the Wipajivi Formation does nof extend
down (o the Fossiliferons wreen clayvstone of the Etadmima Formation,
even though V6214 1= topographheally tower than VHS8HE,

The Mampnwordn Sauds at Lake Palakarinna represent o later
pliase of fluvintile deposition in the Tirart Desert. This deposil is
composed ol relatively elean white saneds, heht grey lenticulae elay-
stones, along with fragments ol imestone devived Trom the Kiadouna
Formation and shows the following differences when compared with
fhe Wipa)iri Formation:

Mampuwordn Sands
[ Ltk Padundarinnn]

1o Matn akast e constitoent is quinrty siond,
white to yellow, with by loead conders of
[imanite stain,

2, Cny ovenes mainly ns Jonses,

3 Derivid elasts fuelode durierust pehihbes,
Fitadunnag lunestone Feagmend< milky quariz
preblilies,

4. Crosshedding camspienous ol ehieae
Torislice,

G0 Commonly 0 gypmne Tuyver ot busal
contiet,

G O0n the whole, finer gruined, olenner,
Bethee soriod.

Wipajiri Formation
[ Lk Ngnpakoldi]

Lo Atain elustie constituent 3= gquatta saod,
elisos rooamiwr, bud more unifovmly covired
Iy Biomibe sinin,

U Clay oeevs o o porsistent s,

o Berived elasts inelwle durienest pebbibes,
rrepular frugmenis of cher, fercuginons
pebbles snd cabbibes,  pre-Eigdunng sind
slome prehlves, Kedun elaystone, samlstam:
i esdenreous radstone pehlilos ond cobhlog,

S Cremshaadiling et evident,

G0 Noogypsonn layer at hasal eontael,

G, On the whole, conraer grained (in basa)
1)y moer heterogeneons, loss well sortel,
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The “dirtier’”, generally coarvser, more heterogencons charnetor ol

the Wipajiri Formation i contrast {o the Mampowordn Sands may be
explaimed by o difference jn souree. The Wipajirt may also represent,
at Jeast in s bntial deposits, a time of wrealer stream velocity and
compelenee i oa vonmger stage of eroston done Lo greater topographic
elevation ol the gouree avea aszociated with regional nplift.  ** Regional
nphift is reflogted in the change trom fine grained clastic and chemienl
sediments of Che Fiadnmann ta the conrser flnviatile deposits of the
Mampowordn Sands . 0 0" (Steton, Tedtford and Miller, 1961, p. 37),
The contrast between the Ftadunna and Wipajirlt Formations affords
flw siome inference,  Also, the Ftadunna s tilted at botlr Lakes
Palankarinna and Ng 1]»&1(&11(1: althongh to o wreater degree al the
former, Al Lake |'d[-,11|[\dl‘llllld the Ktadunna Formation was folded
mto a broad syueline helove the Mampuwordn Sands and horizontadly
bedded Piener Fornmtion were deposited,  This Colding may have
Cori ‘(u.puml('(! with movements alony the Mesozore-cnrly Terttary anti-
chinal axis funuedintely (o the sonthenst hoeause the formations over
tving the tadwnma are poorly  sorted Quviadile deposils rvieh in
fragiments devived from a dovicrosted teveain® (Stivton, Tedlord and
Miller, 1961, po 52), Such an nplifted Mesozoic-earty Tertiary anti-
clinal axis also oy have served ns the sonpee For the Wipnjivi
Tormation, in which case the terrain hetween (he sonree and site of
(l('pmiiimu (V6213) wonld have heen of soflicient diversity (o supply
Che dnrierast and ehert fragments, liorge hematitie elasts, pre-Ftadonnag
sandstone elasts, and Luge ]hhl(ll]l]lld wreen elaystone, sandstone and
caleaveons mutlslmw clasts fonnd in the basal unit ol the Wipajiri.

Neswrly ol of Phe Beeger elaate sithin the Wipaggici Povogtion van Te traend L saomees
e the namedisde areas or eegionts Garther oast o sontheast. e enzase elaste porion ot this
Fovmsdame s wmde ape booae leege oxtent by momnd pehible do eolibde <izod elasis ol green ol
grey snmistore wnd claystone, b winte (neaally mottled yvollow by saondiory Timonite)
eobearrane noutstone derival Trom The unuwh.uvh umlull\nur Ftadannn Paratwtiom,  The
Pl vt T hesee elaafa see creen amindslones ol th\ G ul.nn\ m\llulﬂhllt- which do not vrop
pid i dhe e vieiniy and e eelarively e i he known piterepes wl the  Shedunin
Formation,  Fhieae |un|||1.]\ Fepresent Bitzin nanrgin Fietes ol fhat Poemention whieh wos Ding
aerively ateipped when the Wipn e wae being dnad alien, Orher segithivecons Bialugmn olaris
e T et b sohrers nt Ll Nevipakiahdi oo G e neae \i'-inil‘t‘.

Tl ol vensk elastr melude sovariery ol roeke oiost o wldeh bzoe faoen abaervidd ino mileraps
o e nrieliond wplifes go the cart, These dnelande duvivens Pragoisnt s pod Fegisentes ol
frtesehed mondstane, The pedished  grny shuriernst pelibies. alben Thtee sied; e (e
chrenidered o The Fisaduin Fovaation, ol ey b heon dherivedd oo Ll Foemafion.
The devegnbr cdosel elishs o] Ty Popeagginons fragmenis hayve ol poon abserved jn ooy
bl e presvioasly deseribed Cainozoie depusits e the “Firod D,

Tl i Tevsngivoeg elasts moaanbibe Bibooe i et They sore B sy vesirabire, iron
Plebo viobnee 1PeOy s vaelen Phey bve s gmnine textores swithogedns o e size off o
wedthra o e sl Thie relleels the testiee of T parend ssondstone Teeane sbndant
||uml/ wraius ol sivnle <ivo s preserterls P lesn wemnea sero b D mmee cnmpladoly copibaeedd
b Yirwenaite or dumastite o Hhe parbe off U el s whieh dve the pdidost colonr, Tl Invgies
|i'||ll.l|I|Hll~ elasts pheervs) were over T2 Tuehes b s oot domesstomg bur fhe sverngee winlid
Ty en Spehoxs Pl wize Tinlionee thar theys seee alerived Yednn o msssive onteroep off
Ferenginons sadatone edhor O e with s plsalieh stenetare, They et e besn
P bl Tae sea e a'e tither zobt i vet b ratained mocvennhios subraoadid whagpe
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ligh competence aud veloeity of the stream snggested by the size range
aud angularity of the clastic particles, the unabraded nature of the
fossil remains indicates that they were devived from the immediately
swrronnding area rather than being hrought in from far away. The

¥1G 5

Deawing of Kucalyptus leaf fnpression from e upper dark shate portion of the Wipajiri
Formation at V-6213.  One-hall natural sive.

leat-bearing shales produced a Yew complete turile carapaces and
plastra and fish skeletons, and a partially eomplete lower leg and
foot of an emu-like ground bird.  These deposits contained the only
assoctated skeletal elements.

The following preliminary fannal lst will give au idea ol the
content of the utjamarpn fauna.  Becanse ol the prelminarvy natnre
of the present study, only a possible monotreme, a new wormbat and
a new koala will he deserihed now.  The diprotodontid, Neohelos
lirarensis, has been deseribed by one of us in another publication
(Stirton, 1967h).  The following Kutjamarpu vertebrates will he
deseribed at a later date :—Teleostei, parts of gkeletons with hones in
pkiee, spines; Dipnoi, teeth; Chelonia, three carapaces, plastrons and
foot hones: Squamata., mawdible; Crocodilia, part of craniumn, teeth,
vertebrae, dermal scutes: Casnriformes, part of pelvis, leg and foot
bones: Dasyuridae, rvight mandible; Permelidae, npper and  lower
molars, and parts of mandibles: Phalangeridac  (trichosurine  and
pseudoeheirine), upper molars and mandibles; Poloromae, maxilla,
upper  molars, mandibles, ducizors, upper molars, lower molars,
foot bones.

Claiss MAMMALIA

Subclass PROTOTHERIA
We have followed the practice of Sunpson (1945, 1950, 1960) in
retaining the Prototheria tn the Class Mammaha,  We agree, however,
with the principle advocated by Hoxley (1958) that any given category
of classifieation should include the form if known, which is ancestral
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to the other taxa of that eategory.  We thms believe that elassifications
should be Formulated in the vertieal, or clade, semse in so far as
15 possible,

Often, however, fossils are <o poorly represented or preserved that
the generie, famibial or even imfraovdinal ancestor ol a particular
wfegory cannot be determined, This g cevtaminly troe of the mammal-
like gronps of the Mesozoie, Theve 18 promise that the ancestral
relationships of wost ol these gronps will he clarified with future
discovertex.  Evidenee from new discoveries, especially from  the
Rhaeto-Liassie, when adegnate, supports the conclusion that most of
the Mesozoie orders as well ax the monotreines arose from different
croips of mammal-like reptiles.

It the class Mammalia iz to be restrieted in gcope we favour
mwluding therein the Thervia awd their Rhaeto-Liassic ancestors. In
the meantime it is preferable to mwaintain the ~latus quo,

Order ?Monotremaia
Family Ektopodontidae, new family
Family dingnosiz: That for genns until other genera or speeies
are found.

C

F1G.
Ektopodon serratus, u. gen, et sp. Holotype,  a ocelusal, & lahial, ¢ posterior, o ventral
views of SAM P13847, left upper molar. Four fimes aatursl siee. Note appression facette
al posterior base of crown.  Arrow indicates anterior tip of tooth,
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Ektopodon" Stirton, Tedford and Woodburne, new genus
(Tig=. 6, 7)
Genolypie species: Blktopodon  serratus Stivton, Tedford and
Woodbhurne, n, sp.

FLen 7

Eltopodon sevratus, v, gen. of. spe Prvatypess o acelosad, boaolevior, e vealral view of
UCMP 67173, left lower molur; o ocelusal, ¢ anterior, 0 Iabial view of UCMEP 6774, Ledt
lwer molare Four tines natural gize,  Note appressiioe Paectte noanterior base of crown,
Arrow dndieates anterior surface of tooth,

6 asnma—uded, sbrangies and admre—tooth.
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Generic diaguosis: Mammals with triangalar npper and snb-
quadrate lower teeth of lophodont construction. Lophs (1wdz) divided
ito mumerons ensps (ds). Basie congtroetion of upper and lower
tecth nearly adentical.  Largest cusp of upper teeth on lingual side
of eacli loph, lavgest cuspid ol lower teeth on labial side of each lophid,
Lophs (id=) strongly separvated by narvow, deep, transverse valley,
Lubial and hugual occlusal outline coustrieted al transverse valley,
Roots of tower molars yestricted Lo primary (labial) side of lophids.
Upper molars with a labial and lingonal pair of roots with a possible
additional voot under the anterior toph, Lingual paiv ol roofs teud
to he fused into a single stroeture.

IEktopodon serratus”™ Stirton, Tedford and Woodburne, n. sp.
olaotype: Soutls Anstralian Muscewn, P13847 ¢ left upper molar.
Paratypes: UCNMP 67173, unworn left lower molar; TCMP 67174,
maoderately worn left lower molar; UCMP 67176, well worn vight fower
molar,

Specific diagnosis: That of ;:j(_‘m_l.s until other species are deserihod,

Type Tocaliy . UCNMDP Toe, VG213, 1,830 Teol north of VH8HK, east
shore of Lake Neapakaldi, South Anhtmlm.

Horizon: Wipajivt Formation: pebble conglomervate, unit 3 of
measured seetion 5 (Appeadix),

Ao Kt jamarvpa Faona, middle Pertiaryy probably Mioceene,

Deseription—I pper polar: The tooth has heen oviented as thongh
owere o left npper molar (fig, 6y for reasons which will he devetaped
below,  Whether or not ihis arientation ultimately proves to he
correet, 1t at least =evves (o facilifate the preseut deseription.  'Mhe
length ol the tooth, as measnreed perpendienlar fo the Hat posterior
snrface ix 7.2, Phe greatest transverse width (8.2) was mensnured
perpendiendar to the longth, The tips of all roots wore either abraded
nwiay or broken off,

The ocetusal surface of the footh ix widely triangnlar in ontline,
with the apex ol the triangte diveeted dlli(q*mnl\ (Mg, Gay. A flat,
strap- shaped snrface is |m-wnl o the poxtevior =ide (le, 6e). This
tsoinferpreted s oan dpmmsluu Freette eansed by wear against an
adjacent tooth u the dental series, .\ small Oattened surface on the
anterolabial <ide ol the anterior loph sugmests that another tooth wis
present in the maxitlaey antevior to SANM PUIST. The small size andd
obligue orieatation of the Tavette indieates that {lie posterior end ol
Hie toath whiel eansed it would have had w different shape from that

Sarroadns—sorenlio o rieferener Lo e aptaes ol (o (e usverse |H|i‘|~<.
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of NAN PTASH7, and gy have been a premolarv.  Brrespeetive of which
footh SAN P13847 aetually veprescents, the enamel-covered erown
consists of three parallel trinsverse lophs. The erown 1z gupported
by o labial and lingnal paiv of rools whoge basie constraction parablels
that ol the middle and posterior lophg,

The Gransverse width of the amterior loph s 3050 1t has lonr
creseentieally arvanged cusps with (the secoud from the Hougual side
hetng the egest, The hngualanost cusp glopes laterally against the
secotd cusp These two cusps are separated laterally and aervoss the
crest of the Toph by a wide groove; posteriorly the eroove is much
narrower,  The two  labial ensps arve smaller and more  clogely
appressed, Their Teatures ave borgely obgeyred by abrasion ol their
suterior snrlaces,

The seeond loph ix 13,0 wide and s composed of e cnsps.
The posterior loplois 13,6 wide and has eight enspe. The lavgest cusp
aon vach Toph is fownd al (he lingual tip of the loph,  In occlnsal
view, the hngnal sorfaee of eacl lingnal engp is strongly eonvox,
The cusps of the middle and posterior lophs are elongate antero-
posteriorly, have a bhant, rounded apex, and <land labialy from hase
fo fip. The cosps diminish e size labially along eaeh loph o such
i extent that the last fwo are difficalt to separate, The anterior and
posterior sideg of the cusps sglope toward the hase of the loph at an
angle of about 457, then plonge vertieatly into the deep, bhut narrow,
framsverse groove which separates cach loph,. The anferior and
posterior sielaees of the ensps in the first two lophs slope at about
the same angle,  In the posterior loph, the posterior side ol the cusps
12 steeper than the anterior. A groove which slants laterally townrd
the apex is cut into the antevior and postervior sides of most of the
cnsps, These grooves separate an anferior and posterior par of root-
like midges on the basal pavt of each ensp, The grooves terminate just
above the hottom of the fransverse valley, The auterior faees ol (he
three small eusps at the labial end of the middle loph ave nnited into
a smooth surface whieh s diveeted anterolingually.  The last fwo
Tahial cusps of the posterior loph wso lack grooves, hut the commissnre
Between the ensps is st visible, A [lat, elongate, strap-shapoed
Facette is developed on the posterior surface of the last loph (fig, 6¢).
This is wimilir to facettes on the antevior surface of (he lower teeth
(fig, Th, 7d) and s interpreted as an appression Facette cansed hy wear
hetween adjacenl teeth,

NANM P13847 has a pair of labial and lingnal roots (fig, 6d). The

Hingual paiv skant lingnally away from the tooth and are joined throngh-
ont their length hy an anteropasterior septinm. The rvoot-mass thas
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Formed tapers distally and s vemmiseent of the single infernnd root
commonly fornd in the upper teeth ol wawmmals. The labial root
inder eacl loph (g, Gh) diverges from its lingual counterpart. The
nnteriop lahial voot g orviented anlevolingnally toward the anterior fip
ol the tooth, hut also sends off a thin transverse septum toward the
havge of the anterior lingnal voot.  Most of the root below the anterior
loph is roken awav,  The eonliguration ol the remaining portion
siggests that the anterior loph was supported hy a single voat whose
base was conneeted (o the labinl root under the middle loph,  The
posterior lalial vool s oriented transversely and is composed of o
ihial aud lingual portion. These (wo parts are mainly swellings in
the haste rootanass and nree broadly connected by o slightly l]lmnm-
transverse segment ol hone, The voot structnree thns Formed noderlies
the Jabial two-thirds of the hase ol the posterior Toph,

Lower molars: The Tower molaviform tecth ave hasieally like the
type specimen with the exceeption that they have only two transverse
lophis and are (hus teapezoidal in outline, Fxe ept for the short anterior
lophe of the upper molar, the neavly identienl confignration of il
upper amd Tower teeth s m,lll\mg. TONMP 67173 and UTCNP 67174 ave
lnstrated in fig. 7. These fwo teeth ave considered to he lelt last
lower molars beeanse of the appression facettes of theiv anterior sides
and because the greatest development of the voots ocenrs on the lahial
side of the teeth, The largest enspid in each lophid wlso oceurs on
the Jabial side,

The anteroposterior length ol the teeth was measived perpendienlar
to the fat anterior faee, The wreatest transverse width was mceasured
perpendientar to the lengtie The height of the roots wus taken ns the
distance perpendienlar to a lue dvawn throngh the hase of the ennuiel,
The measnrements For the varions lower teoth ave as follows:
UCMP 67173 antevior length is 3.8, width is 7.2 height ol anterior
roof 1 B0, LCND 67174 length s 5.8, width is 7.0 height ol .nltvr'i(n
rool 18 7.8 posterior ropt 1 7.8, UCMDP 67176 length and widih of
this tooth wree approximate bheeanse of s extrome stage ol wenr and
aoslight amonnt of «hsp]drnuwui alnng a erack dmplnpml in the lnuw
verse valley.  Length is 5.8, width is &0; height of anterior rool i
7.4, posterior voot is 7.0.

I caeh tooth there arve cight enspids in the anlerior fophid and
FIX o1 seven in the posterior. UCMP? 67176, a wight last lower molar,
= oo worn Tor an accurate count ol i cnspidg to he made,  Fnongh
of (he dental pattern remaims, however, fo indicate that this tooth hl
a sl configuration to the othees, J\]l ol the lower teeth dereribod
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seem to come Trour the sawme position in the jaw, That UCME 67176
15 from the oppogite side of the jaw hag already been pointed out,

by UCMP 67173, the grooves on the posterior face of the cuspids
on the last lophid extend farther toward the apices than in the upper
molir,  On the antevior lophid of the lower molars, these grooves wre
minel less developed than in the upper.  FPhe anterior and postecior
sides of the cuspids slope towaed the hase at an angle of about 457,
Although UCNMP 67174 s 10 a later stage of wear, the configuration
of the enspids and grooves seem (o agree with that in UCNP 67170
Both of these teeth show heaviest weae on the side wlhieh we have
oriented as labial. This 12 algo the side of the tooth on wideh the
heswviest development of the roots oceurs,

In fabial view, the main axes ol (he {wo roots are essentially
paraltel, althongh they eurve slightly anteriovty (fig. 71). I antertor
view (fig. 7h, ¢) it can be scen that the tip of the aintevior root 18 almost,
diveefly nnder the labial edge of the tooth whereas the greater hugnal
cirvalure of the postertor root causex its fip (o lie e a more medial
position,  Vhere scoms to he no significant ditfevence n the sizes of
the two rooty,

The basie plan of the lower teeth is a pair of transverse lophids
which have been subdivided iy a number of enspids.  The orientalion
of {he roots which =uppart the lophids is also transverse (fig. 7e).
Like the npper tooth, the lower molars of Ektopodon are transversely
lophodont, althongh the coaleseed lingnal pairv of roots in the upper
molars wmay indicate that sueh lophodonty developed from a hasieally
trinngnlar tooth.

Affinities: The stroctnre of the teeth ol FKhitopodon is not
paralleled in any rodent known fo us, The geologic and paleozoo
geograpbic setting of the Australian continent indicates, therefore,
that the ancestors of this wnusual wmmal shonld be songht among the
Monotvemata, Mavsupialia, primitive Placentalia, or even carlier
groups,  Based on the present stiuly and those of Butler (1934), Green
(1937), Patterson (1956) and Stnpson (1928, 19292 and h) the
conficuration of the wolars and roots of various therian and non-
theriim groups may be summivized as follows —

Tritydontidive:r Pouth not tribosphienics vospa orveaogsd g mgitadinal rmows, more rows

in dpper teethy upper wmd Joser teeth bagiiadly similaes cither foue o Bva rooly

e nppee Bty twe dn Towers: lower roots: Tie diveetly wnder (e eenwn af the toutl;
prrtorior fower root larger thas antervior.

Vrisonmionta: Teeth not trilwsphenic; vuspa arcapged dn Tongidina rows; npper jond
Tower teeth baaeally similae: only two cgqual roots ineither wpper or lower teeth
ey roatx B aliesetly ander the viown of e oy,



STIRTON, TELFORD, aNvb WOODBURNE—TIRARI DESERT 443
TERTIARY FAUNA

Motithberenlibac: Teoth noe cethosghanie ;) caaps arranged in longitudind rows, more rnmwa
i apper ety npper and Jower decth of hasically similir ronstrugtion; upper nnd
lower teelh willy two vaots; dowee rools Tie diveetly ander the tooth grawoe; nwep
roots virtthle, genertlly cgual in siee

Sytmiel oot Dppee teeth Ariongalae, lower teeth slightly  soy eusps arranged in
brisnguliar Gushious npper mnd lower tesihe relatively similir; fwo, possibdy three,
roots in e teethy twoin Towers, Tower moats e dbvectiy onder the tooth crown
posterior roor itrge i upper uid Tower teeth,

foliteepoedon s Tevth nat Eeibosphenie s easp arrnnged i frneaverse Jophiss constraction of
pppee s Jower b crown nearly identienl s appoe mmbee withe Chyee (TFonr) roaty,
lowers with fwa; Jower raots developed patmarily on lubial wde of tooth s bwer roots
cssentidly s size,

Oenithorhynchis: Teeth degeucente; generally s aoteeor wnl goslevior el s separnt el
Ly s transverse valley, apper tecth with prominest Hpgoal cusp Deosg which one oe
fwa ridges puss brnnsversely ta e Inbinl @ddey Tower teeth with prominent Jahial
chspid T ecaeh oiety which teondy to he clangecbed e o 1eimeversn arapt s pjgier and
lawer deeth busieally sinnlary  cbryological stwdics snggest that savh mgioty s
supported by o teiesvare raot,

Pavduntac: Pppee Jeeth Grangversely veetingnlory, lowers Jongitadinally  veebanigthar;
vusps hisieally do Tongitndorl vaws with sevemdary rasversse orientation; three roots
e g eeth, two i dowersy apper and Jower teeth difterenl ;s lawair cands ie
direetly vndder the crowng lowee routg gual sizavd,

Pantotherii: Toothe Lribospheniey enspa arranged o triangnlaoe Cesbiony upper sad lower
Pooth different 5 threee voots n apper, twa i lower Goetds Tower roots Tie diveed by aniber
Thee cvawn s postirior lower ront smadler Th puterior.

Medic and Butheri: Teeth tribosphenic s casps aoernged n teiangular fashion: upper and
e _ . . C U
lower voeth dilferenty theee moaks in wpper, two in lower feeth Tower eooty He direetly
andey the evowary Jower roots genevaldly oqual in xive,

Trilytodontids, triconadonts and mnltitubereulates possess donti-
tions with low-crowned non-tribosphenic teoth in which the cusps are
avranged i longitudinal vows,  The upper and lower feeth of these
fovms ave of basieally simila constrnetion, The faet that tritvlodontids
lve heen elassed as veptiles (Romer, 1956) emphasizes the general
similarity  of the denfition of animals wear lhe veptile-tanmal
transifion,  Although appearing later in time ran the others, the
midfitnberenktes retained this primitive type of dentition.  The fwo-
rooted  condition  of the apper and lower malars Tound in the
triconadonts persisted into the svimetvodouts, although there is
possthility that the Tatter tended fa develop three-rooted upper teeth
in the Cretaceans (Pattersan, 1956, p. 11)

The symmetvodonts, contemporancous with the tritvlodontids and
tricanodonts, departed fron the hasie dental patfern hy developing
teeth i which the cusps had a teiangalar arientation.  Their upper
and tower molars were, however, still haxieally similir,

At first glanee, the docodont dentition seems to vepresent a rather
redical depavture fram the primitive manmalian tvpe, A stronely
transverse, vather than longitndinal, ovientation ic given to the feeth
hy the develbpment of fransverse erests in the wmolars, one in (e
uppers, two o the lowers.  Upon closer ingpection (gee Nimpsan,
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L9200, pla, XVITI-XXN) it is appavent, however, that docodont molars
consist hasieally of two longitndinal rows of cngps with secondary
cross-crests. The cross-erests descend From cach side toward a median
longitndinal valley; lophodonty is at best ineipient. 1t is also apparent
thit the hasie constrnetion of the upper and lower molavs is similar.
The addition of o median longitadinal emargination in the anterior and
postevior endd ol {he docodont lower molar wonld produce n contigine-
tion essentially ke that of the upper. The development ol three
roots i the upper molars s o possible advance over the condition
i triconodonts and  svmmetvodonts, and the incipient  bransverse
lophadonty s wingue among Mesozoie mannnals.

The Pantothervia, Metathiervia and Fuotheria scem to be too advaneed
to e consideved for the ancestry of fKktopodon.  The Mesozoie and
carly Cuainozoic members of these gronps clearvly have teibosphenie
molars which do nol even remotely resemble thase ol Eltopodon. 1t
i trne that some marsuptals and ]Jlaw’“ntalq have developed trans-
versely Inphmlnnt dentitions, hut not ones in which (he upper teeil
e ax similar in detail to tlw lowers or in whiceh the anterior loph is
so nearly identieal to the pogterior,

The most reasonable statement that ean be made concerning the
aneestors ol Eklopodon s that they are not presently knowaw.  The
general degree of advaneement shown by it dentition suggests that
Il klopadon represents a pre-therian lluv.u.,v. Although no reptile has
heen known to develop teefh like these, the possibility of hasal relation.
ships with the mammal-like repliles cammot be detinitely excluded on
present evidence. The development of threc-rooted npper molaes and
the aneipient transverse lophodonty found v the Docodonta form a
basis for Interesting speenlations, but the long inlerval of  time
involved dictates that these vemain mere speenlations.

dueestry of the Manotiemata: The origin and phvletic position
ol these animals, so elearly mammalian in some respeets and =0
obviously reptilian in-others, has Jong been o taxonomic problem,
l’m/n/z/lm s 1s o unfortunately excluded teomn this discussion by its
lack ol dentition. "T'he transient molars of Ornithorhynchus have been
moxst recently disenssed by Simpson (19201) and Green (1937). From
fignres  and  deseriptions i these two works it s elear that
Orwithorvhynchns teeth consist ol an anterior and [M)\t(’llnl' moiety
separated by a transverse valley,  In the upper feeth there i a labiod
aud Tingual constriction at the transverse valley,  Simpson (19290)
has provided o detailed deseviption of the Ovnithorhynelins cheok
teth,
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Stmpson (ibdd, e 7)) eongidered that the teeth were basically
camposed of {wo transverse halves, cach with a primarvy Lingnal apper
aud lower Tnbial ensp, and that (he numerons aceossory eusps had no
particnl significance other than indicating the degonerate natore of
the teeth, After reviewing vavious possibilities Simpsow (/bid,, p. 14)
conelnded  that the teeth of  Oruithorhyuchus were probably  not
decivable From ooy known mammalion type, that the oty even
remotely possible exception {o Ahis wight be the tviconodonds.
similae conelusion wis renched by Green (1937, p. 404) except (hat
he Tavonrs the Thaamiyidae (Microcleptidae) as a possible ancestor.
I s nteresting to note that a suflicient nunber of Jongitndinal and
transverse elomewts ave present in docodont nwbirs to form the
strnetural hosis for the teeth of hoth Ehfopodon and Oriitlcorhguehas,

Fiktopedon and Oviithorhynchns both lave a simple Tophodont
dentifion in which the Lrgest ensp is loeated on Ahe Huenal side of
cach npper loph, the labiad <ide ol each lower lophid,  Kmbrvologieal
studies sugeest that iF any ovientation of ihe roots in Orvithorlyuehns
e e sad to he preferved, it is tramsverse (Green, 1937, fig, 14),
There is adso a vandom proliferndion of secondary voots due to the
degenerate nature of the feeth, The condition ol the lower roots in
Etlopadon, in which {he Fang is vestrieted 1o the labial or plimary
side of the tooth, may be attvibuted 1o the possibility that the denfition
of this animal wag becoming degenerate. The nearly vandom prolifer-
fiow of cuspules in the teeth of Oruithorhynchus may imdicate that the
teeth had degenerated Trom a dentition in which enspules were present,
but in aomore regulated configuration.  Sueh g configuration eould
have resembled the  trausverse prohiferation of enspnles seen i
Fltopodn,

In =nwnnary, the molaviform teoth  of  both Eltopodon and
Oraithorhyielins have a simple, bilophate stractioe which is not closely
approached i any other group of mammals,  The teeth of Fktapodin
represent dostructural patiern from which the degenerate dentition of
Cradlhorhynehus conld be devived, L view of the rather limited datn
now available it s possible that Ehtopodon and Ornithorliuchns are
memhers of  separate, collaternl, hneages and are not  relafed
ovthowenetically, Tt FEltopoden is o monotreme it is the first Tertinry
reeord ol the order and points to the long expected hnt nnrecorded
diversity of the group.  The level of strucetural developmoent o the
dentition in fhtopadon and Oruitiiorhynchis is rominiseent of that
Found in the Docadonta and sugeests that the Monotremata oviginated
from non-therian rather than therian mammals, '
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Subclass THERIA
Infraclass Metatheria

Order Marsupialia
Phascolarctidae

Litokoala® Stirton, Tedford and Woodburne, n. gen.
(I"g. 8)

(Genolypie species. Litokoala bul jamarpensis n. sp.

(ieneric diagrosis: M': smaller and labial outline more convex
than in Phascolarctos, length and width 5.7; space between metacone
and hypocone greater than hetween paracone and profocone; small
anterolingnal and posterolingual erests ascending from apices of
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FIG. 8
Labinl and occlusal view o BMI of Litokoata Latjamarpensis, SAM P138435, Kuljamurpu
faunn, Approximately two-thivds natural size,

% aurer und Koale, to cuphasize the relatively simple ocelusal patteri ol the holotype in
comparison with Perikoela and Phascolarelos,
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paricone aml metacone: labial cingulum not extended across hase of
melacone; posterior spoe of - protocounle divected posterolingually
foward {ransverse valley where it fades out in postevior part of wide
longitudinal valley hetween pavacone ad metacone: low crest con-
tinuons from anterolabial corner of protoconnle along anterior hase
ol paracone to labial eingnlumy evescentic metaconule present; endnel
surlfaces moderately crenulate hetween anterior spurs of metaconnle,
and an posterior base of pavacone: elsewheve in longitndinal and
fransverse vallevs enamel 2nrvface smooth,

Litokoala kutjamarpensis" Stirton, Tedford and Woodbusrne, n. sp.

[olotype: Sonth Australian Musenm, P18 right upper fivst
molare i early stage of wear,  We lave identified this tooth as M' on
thee basiz o the following Teatures which arve similar to that footh
in Phascoluretos,  Creseentie antévior ¢ingulum; antevior emgulun
cost{inunons with protoloph lingnally, widely separvating paracone from
antoerior edge of footh s metacone shightly higher than pavacone, and
hypoeone higher than protocone: cingnhno contimons aeross labial
hiase of mefacone: crescentie stylar strneture af anterior base of
protocone which forms stmall poclet i that aren,

Specifie diagieosis: That o genug until other species wre deserbed.

Toype Tocality: UCNMP Taoe, VE215, 1855 feet N0 1 1o of VARGR,
cast shore of Lake Neapakaldi, Sonth Austrnllu.

Formalion: Wipajirt Formation: pebble conglomerate, unit 3 ol
mepsnred section 9 (Appendix).

Age s Kotjamarpn Launa, middie Terttary s probably Miocene.

Desereplion: The Koatjamarpn tooth is smaller than in Phasco-
laretos: s greatest leneth awd width i= 2.7 The four prineipal cusps
are prominent and pyramidal inoondline, - Nthongh the protocone is
more worn it seems clearly to bave been lower than the hypocane!™.
The relative heights of these cusps algo prevail o MU ol Pliascolarefos;
however o the Il\mg koala the ensps arve equal an height or nearly so
an M2 bt the veverse iz trae on MY and MY where the parvacone anid
protocone are lgher than the metaeone and hypoeone.  lo o the
Kontjuuarpn M {he digtanee hetween the metacone and hypocone i«
greater than hetween the pavacone and protoconey the reverse s frue

b o leeeaen b e neesrerenee ol Tl species o P I0ad faenscepes T

HEHyporone s used here andy dooa topogeaphic cawmbading, Dhomalngs will easps i i
il position on upper ol of sone plieentad nmamids is nmplu o T nnnthen
getme Fram the l\lltllrll‘llpll taging e evidirnee sevems eloge fhat The it ot (e o
||i'\"|ll]\l"| Tenen the posievior wing of the [rroteeong, eathier Mo Proo o cinguline o ons o
Iwiinive of Che pooteons s s oered i st plavental raemnials,
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throughout the tooth row in Phuscolarctos, and probably Percikoala.
The triangolar labial sortfaces of the paracone and metacone o
13849 slope gently to the apices ol the cusps.

Uthey distinetive characters in the Kutjponnepn MU andieating
phascolavetid athnitien are seen o the anterolingnal and posterolimgnal
eresis axeending from the apices ol the paracone and the metacone,
I Phaseolaretos only the posterolingnal crest of  the paracone i
preseut,  These erests do vot ocene in Sehoiohates ov Psendochedirus.

The pattern of attrition on the molars is apparently the sanwe in
holl Letoloala and Phaseolaretos in that the anterior and posterion
edges of the parazelene and metaselene confribute equally to the
shearing funetion of the tooth. I Psewdocheiros and Seliainabial es
moxt ol the sheaving is done by the posterior erests of those selenes,

The labial ontline of the Kaotjomarpn tooth, in diveel ocelusal
view, ix somewhal morve convexs than o M ol Phascolarelos. The
sloping labial surtnee opposite the paracone s varrower and more
conenve anteroposieriorly than the swface opposite the metacone,
Furthermorve the base ol the paraconal surface s crossed by a
cingulum, whereas that of the metacone s unobstrueted.  Phascolarelos
ditfers in having a cinguhnn acroxs the base of ecach of these smifaces
MUY Psendoclieirus and Seliaoinolales the eingulan on the pava-
conal surlace is imcomplete heeause a groove passes from the middle
of the surface to the base of the tooth,  They metaconal surface of
those genera also differs in that a erest aseends posterodorsallty from
masotyle H so that the sureface s anobstroeted only at its posterolabial
COTHer,

The stylar ensps in Lilokoala are not as prominent as in Phuasco-
larclos and ean he seen best by their triangular outline from the
tabia) side,  The parvastyle, as in Phascolarclos, is Far haek from the
anterolabial commer ol the tooth and is counceted to the parvacone hy
the anterior wing ol the paraselene.  In M of hoth Pseudocheirics
and Selotnobales the parastyie is at the extreme anterolabinl comer
of the tooth and s separated trom the hase of the paracone by a
deep eleft.

In Litokoalu, the stylar eusps decrease slightly bt progressively
From  the parastyle fo the metastyle, wheveax in Plhascolarcios the
height of the styles on M' in deseending ovder are mesostyle I1,
mesogtyle 1, parastyle and metastyle,

The protoconule ig separated from the protoloph in Lilokoala
and ocenrs at the anterolingual hase of {the paracone. The posterior
spur of the protogonule is divected posterolingunally towsed the {rans-
verse valley wheve o fades out in the posterior part of the wide



STIRTON, TELFORD. anp WOODBURNE--TIRARI DESERT 449
TERTIARY FAUNA

longitndinal  valley  Detween  the  paracone  amd  metacone.  In
Sehoinabates and Pseudochetrns the spur s velatively louger, erescentie,
and s conneeted to the postevolingnal base of the paracone.  Phasco-
lavelus also differs Prom The Kotjamarpu toolls in having a short
erescentic spne that connecls to the anterolingnal hage of the paracone.
A low eresl is conttnunous from the anterolabial corner of the proto-
coniile alomg The antevior hase of the paracone to the labial cingulum.,
Thix strneture is not seen an the koalas we have for comparison.  In
MY oF Psewdocheiras the protoconule is conmected divectly fo the para-
tvle, whevear i Seleoabates it fivst joins the atervior eimgular
exteusion ol the protoloph whiclh continues on to the parastyle, The
sface o The pratoconnle in the KoCgonmarpn tooth ig sutooth whorens
e Pliaseolarcios mdgelets and grooves helween them give a rather
holdly eremnlate offeet To the conute. A low but distinet mdgelet
extends posteriorly from the protoloph o the lingnal side of  the
longifucdinal valley.

A strnetire dentified by ng as o modified metaconnle occors as a
very low cresecutic erest medial to the lingual base ol the metacone,
Hx posterioy gpnr extends back nto the valley hetween the metacous
ad the hypocone hnt is closer to the metacoue. This stineture 18 not
prosent in Phasedlarelos ov an the M= ol Periboala,  Anteriovly the
metaconule in the Ko jamacrpn specimen divides into two spnrs. One
pxtends anterolabially into the transverse valltey hetween the metacone
aml pavacone, bt does not veach as far babanlly as o Sehormobates or
Psewdocheirus, The other spur is divected anferolimenadly onond s
separaled From the junction of the metaloph crest of the protocane
and (he anterolabial erest of the hyvpocone by o navvow groove,  In
[atokoala there s a short travsverse vidgelet conmeeting the meta-
conule with the anterolabial erest of the hypocone, The enamel surtaee
hetween the avferior spurs ol the metaconnle, on the lahial surfuce of
the pmction and on the postevior hasal sioclace of the paracone, s
erembate s bhut elsewhere in the tongitndinal valley hetween the aain
cisps, the cuamel sneface s smooth, This s o mavked contrast to
Phascolarelos and Periboale in which the lonpgitndinal valley is deeply
cremttate,

Phe protocone and the hypocone are mueh morve widely vounded
in the Nutjamarpn tooth than o Periboala and  Phascealaretos,
consequently the anterior and posterior wings ol those sclenes do not
stand ont as sharply inoveliel o Lidokoala,  Another phaseolaretid
character s the commection of Ahie metatoph evest of {he profocone and
the anterolalinl evest of the hypocone.  This closes the transyerse
varlley avea lingually well in From the inmer edge of the taoth,  In
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Schoinobates and Psewdaoctieirns the posterior of these erests bypasses
the anterolabial crest of the hypocone. A rather hulbous cusplike
structure occurs at the anterolingnal base of the hypocone, 1t connects
across to the hase of the protocone torming a pocket between it and
the c¢rest formed by the junction of the metatoph erest of the protocone
and the antevolabial erext ol the hypocone. The cusplike structure is
subdued in Phaseolarctos, and itz conuection across to the protocone
ig more cingulumlike, is longer and fades ont at the lingual base of
the protocone. These features are even wore subdoed in Pscudocheiris
awd Schorwobates.  Both Litaloala and Phascolarctos hiave a short
styvlar stroneture at the antevolingual base of the protocone. Tt, how-
ever, 1g more eregeentiec and forns a deeper pocket in the fossil. In

% $

Fi 9
Labial view of right maxillary fragment of Perlkoala palankarinnica, UCMP 48448,
Approximately two-thirds anlural gize,
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Phuscolaretos this feature diminishes progressively from M!' to MY
It as not present in Pseadocleirus ov Schoinobates, and is apparently
absent in Perikoala.

Paralypeof Perikoda palawkacivnica: The paratvpe of Perikoala
palaibarnmica from Ahe Ftaduuna Formation iz a right maxillary
fragment (UCMP 45343) with a partial alveolus of 1’2 voats of M,
M# with the erown partly preserved and an alveolus of M* (Hies. 9, 10).

LG, 10

Ovebisad vivw of vight masillaey Cragment of  Pecilooln polaibarinnive, COMP 35043,
Approsimastely two-thivds natwenl siae,

Nearly all ot the hody of M* s present, enly the lingual cap is ahsend
From the paracone i the posterolinzual tace of the metacone,  The
unobstructed lahial swrtace of the metacone and the absence of {he
metaconule agree with the M* of Phascolarctos. Although most of {he
lingual hase ol the paracone tx missing, there is no sugeestion on {he
remaining portion that an anterolingual stylay ensp wis present,
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This sugeests tarther agreement with M= ol Phascolaretos as compi rel
with M, The length and width of the toolh ave both approximately 5.1,

Mhe tooth s essentinlly nnworn ax e as ean be seen, which may
fo some extent acconul for the profusely erenulate natore ol the erown
enamel, The enamel appearvs (o have been simooth on the Tingial
surfaces of the hypocone und protoeone, aud is simooth on the Lahinl
surlinee of the metacone:; but on the labinl snrfaces of the protocone
mivd hypocone and the anterior snrvfaee of the metieone and adjacent
areas, (he cnaniel is strongly  evenulated.  The distribntion and
intensity of erennlation equals that ol comparably worn speeimens
of the kont and ix thos different to the condition in Litokoale,

L Tatokonla and iu Phascolaretos, o ridgelet extends posteriorly
Mram the protoloph in the lngual side of the longitndinal vatlev.  In
Pevilkeoala, the function of a raised shmeture i this avea ol the tooth
i maintained hy a series ol transverse vidgelets divected Lahially from
e profocone and profoloph,  Kael of these vidgelets terminnles
abnruptly af the axis ol the Jongitndinal valley in a small, vaised connle.
A line conueeting the apiees of these terminal conmles  passes
posteriorly Trom the protoloph in s similav oriendation and position
ax does the protoconwle ridgelet o the RKutjamarpu tooth and i
Phosceolaretos,  In BM and LAY and LM of two specimens of
£ cinerens al hand, the confignration seen i Hervikoala s presents
wherens in thie other molars of those two speeimens, as well as all The
molars of two other Reeent specimens, o rvidgelet s present. This
sngeosts that the condilion in Perikoala = a variation apon a Funetional
plinn, and may algo indieate that the fction s as important as the
weans hy wiieh it is achivved, The lack of this cidgelet Perilioala
i contrast to the condition in the other animals does not neeessavily
ronwoye Pepivonda Vrom the divect ancestry ol Dhaseolaretos.

The labial bhorder of the tootl as seen in occlnisal view ig oblique
anterolabially, which suggests thal the transverse diameter across the
anferior halt of the tooth was greater {han that acrvoss the posterior
ball. Mhis agrees with the condition in M* of Phascolaretos and
dilfers from Lifokodla in which the transverse diameter across the
pespective parts of the tooth is essentinlly the some. This inay be due
to ithe fact that the Kntpunarepu tooth is MY M" in Phascolarctos is
more nearly equidimensional transversely across the anterior and
posterior halves than M=

Tu Pevileoala and Phescolarctos, a metaconule 1= not present as a
distinet cusp, the enainel being highly erennlate in that avcen.  Oun the
other hand, the presence of a distinet metaconnle in Litakonla is in
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diveet condrast to this and it may represent a primitive leatore whicel
Bars been vetsined Trom an carlier level of or wanization.

The metaloph in Pevikoala eorves smoothly Tromn ihe protocons
puhiemlnlnd Uy to meci the antorvolabinl erest ol the hypoeone,  This
s more typical of M* than MY of Phascoluretos in which the posterviap
nrm s diveeted posterolabially wd then turms abeaptly labially helore
joining the arns from the wetieonnle,

Ixeept lor its 2maller size those parts of the tooth whieh v e
compatred e Perikodla agvee with M* of  Phascolaretos, The ouly
significant similavity (o Litokoaly s gize but the more complex el
ereunlations and the absence of the metaconule tend to preclude elose
alindy between Peviloalo und e Kntjamarpu fom, although both
may have had some pre-Neapakaldi common ancestor.

I ventral view, ilie autevior root of the wygoma in Pevikoala lies
divectly ahove M2 s anterior surfaee glopes smoothly on to the
maxtllary above M and s posterior Taee is coneave postoriorly,  Ip
ladeval view, the labial edge of the anterior face iy directed antero-
dorvsally, not vertically as in Phascolurctos, 'The rootl of the ZyEoma
15 easentially svomuetrical dn Iateral view i that (he anferior and
posterior sortaces slope equally toward caeli other and meet ventrally
o that a sagittal section through the oot would hbe triangnlar, with
the apex ventval.  1u Phascolurelos, the anterior swrface is vertieal
while the posterior suvface slopes anterovenirally,  Thus, a sagittal
section thirongh the root would be asyvinmetrieal with the apex ol the
triangle shifted amteviorly,  Phaseolarelos possesses o ventral hoss ot
thix apex whiceh is oviented anterolingually in venival view, is Uickest
medially and tapers laterally and posterodorsally along the lateral
surloee of the arch, The zygoma in Phaseolaretos aveupies  th
maxillavy from above the midpoint of M to the vear ol M®, its autevior
fave poxsesses a strong antorhital fossa below the infraorhital foramen.

As compared 1o that of Phascolaretos, the anterior vool ol the
aygomatio aveh in Perikoala is smaller hoth 1-mw1t|ulnmllv and trans-
versely, has yo ventral hoss, is more symmetrieal in the ugltlal plane,
.1]1|mmnt.|y lacks s concave antorbital Tossa below the iufraorhiial
Foramen, aud the anterior fuee slopes mferodarsally in lateral view
Fither than hoing vertieal,  AJL of these eharneters point o the more
primitive natuve of Devikoala, and may be related functionally (o
the ypusseler being Jess well developed in Perikoala as compared with
Phaseolurctos,

Rewmarks: As dhisensged by Sticton (31937), the lower dentition of
Peviloaly s more pummve than Phascolarctos, and o similar state-
ment ean he made concerning the Fragmentary upper tooth deseritod
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above, 1t seems clear, however, that Merikoale and Phascolavetos ave
more clogely allied than either is to Litokoaln. The latter apparently
represents « persistently primitive side hraveh whieh diverged, at
some poind in the early Tertiary, from the lineage leading toward
Phascolarclos. On the other hand the hasie siimlarity of Phascolarctos,
Perikoada and the Kutjuarpu form shows that these animals repre-
sent o major phyletic branch, possibly within the Phalangeroidea
exclnding Psewdocheirus and Schoinobates. At the present time, the
maost reasonable taxonomie assigmuent of the latter two genera secins
to he with the Phalangeridae.

TABLE OF MEASUREMENTS

Phascolarclos inereus Litokowla  Periloaln
LM veMpe NP [TONLE SAM "eMpP
Tarnpths TG NELIN INROG HEAIE] IR R 45313
1Y L T I | 7.0 7.0 7.8 3.9
LMY .. ., .. .. K& T4 7.8 7.0
KM2 .. .. .. .. T.N 7.8 A0 7.0 5.9%
LMz .. .0 .. .. 1.8 7.8 T 7.0
Widths
| % I T ok 7.9 7.9 7.8 DT
Y 5 I | .8 7.7 7.8
RMZ .. .. .. .. N4 NRL 7.4 7.7 3.49%
LMz X2 T8 8.4 7.9

* Approximadte,

Vombatidae
Rhizophascolonus'' Stirton, Tedford and Woodburne, n. gen.
(Fig. 11)

Genoltypic species: Rlizophascolonus crowerofls Stivtoun, Tedfovd
aml Woodburne, n. &p.

Clenerie dingnosis: % Dilobed; anterior lobe vound, enamel on
lugual aud labial sides; posterior lohe 3.8 wider transversely than long
anteroposteriorly: enamel ou rounded lingual side, ahsent on labial
side s from cdge of enmmel posteriorly ocelnsal outline eurves obliguely
anterolabially then arvound into labial inflection; shallow opposing
lingual and labial inflections : height of enamel about 16.1 above root
on lingual side, on anterolabial side 4.3: one small labial and two well
developed lingual roots,

Rhizophascolonus crowcrofti' Stirton, Tedford and Woodburne. n. sp.

Holotype: South Australian Musenm P13846, moderately worn
left 12,
" 'A;f,‘ﬁ‘llﬂ'l[:z;i'wus‘_‘ -in reforenes to the mnﬁ-d charaeter of the heolotype in com ﬁn-i:-nu with
15 A I
1eeth of Phaseolonns.
12 1y hanonr of De, WL L Crpweroft, Digeetor of the South Australinn Musewm,
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Specific diagnosis: That of genus until other species ave deseribed.

Type locality: UCMTP Loe. V6213, 1,835 feet north of V5858, east
shore of Lake Ngapakaldi, South Australia.

forizon: Wipajiri Formation; pebble conglomerate, unit 3 of
measured section 5 (Appendix).

Age: Kutjamarpu fauna, middle Tertiary; probably Miocene.

Description: This family is represeuted by a lelt upper P?¥ that
s clearly referable to a new geunus. It differs markedly from the living
and Pleistocene wombats in haviug one small labial and two well
devetoped Tingual roots, and in the height of the crown.

The crown is bilobed as emphasized by shallow labial and lingual
inflections. The anterior lobe is essentially round; its transverse width
15 7.0, The transvevse dintension of the posterior lobe is 10.6, whereas
anteroposteriorly it measures 6.8.  Although the inmer half of the
posterior lobe is uniformly rounded, trom near the posterior midline
the outline curves obliquely anterolabially then around into the labial
inflection.  This part of the occlusal outline is accentuated by the
absence ol enamel on the side of the tooth in that area. Otherwise a
1.0 layer of enamel starting at the labial inflection extends around
the anterior lobe mto the hingual inflection where it is very thin, then
continues around the lingual side ol the posterior lobe to terminate on
the posterior surface,

FIG. 11

Elizophascolonus crowerofti, n. gen. of. sp. @ ocelusal view, b posterior view, ¢ lingual
view of holotype, LP3,  SAM P13846. Natural size.

One of the most interesting features is a small, Iiplike, remnant
ol enamel that folds back from the anterior edge over a small part of
the otherwise extensive exposurve of dentine. The remaining enamel
1= slightly grooved at the midline with higher points on each side.
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This hit of enamel thevetfore is suggestive of an enamel covering of
the oeelusal surface at and near this level, 11 so, the height ot erown
of the tooth m a voung anmimal was little i any higher than in the
tootl at Tand.

The tooth is curved labially and has the greatest exposure of
cwaanel on the lingual surtace,  Below the anterior root on the hngual
side the enamel measures 11.8, and helow the posterior root it 15 161,
whereas on the labial side of the anterior lobe the enamel height is 4.3

The lingual inflection widens from about 0.8 at the edge ol the
ocelusal snrfaee to 4.0 at the hase of the enmnel.  This inflection is
lrgely tilled with cement which coalesees with the dentine ol the roots
dorsally,  The roots ave partly abraded Int their tapering outlines
indicate that the loucest one was not more than 7.0 m length.

Renerks . The distribution ol the cnamel and dentine i the
occlusal pattern, the labial enrvatwree and the apparent inetpient
hypsodonty of its P* mdieate that Rhizophascoloigs 18 a wombat.

The mlohed outline and the size of the premolar seems to reveal
that Rhizophascolonus 1s morve closely related to Phascolonus than to
Ramsayiu, Lusiorliinus ov Vowbatus, The lobes of P* in Phascolonus
are ot ditfevent shape than in Rhiizophascolopuns: there i no enamnel
on the lahial =ide of the auterior lobe, and the tooth s extremely
hyvpsodont and rootless.  Ramesayin and Lasiorhinus differ from the
other wombats in having P* with a triangnlu ocelusal outline and i
lacking either a labial or lTingnal nflection, hut as in Phascolonus,
enamel is ahseut on the lahal side of the anterior tobe.  In Voudbatas
the occlusnl outline is uearty triangular but there is an anterolingnal
aroove and the enamel eneireles the tooth,

I Rhizophoscolonus is ancestral to Phasecolonus, the rate of
evolutiom in hypsodonty iz mueh like that which ocenrred n the
development of the Pleistocene heaver Castoroides from Maonosaunlaz,
which lived during the Miocene, even though the inerease in tooth size
in the beaver lineage 18 much greater than in the wombats,

lividence from the P* of Rhizophascolonus seems to indicate that
the Phaseolowys linenge extended well back into the Miocene if onr
correlntions are reasomably corvect, Therefore, the common aneestor
fonr all of the known genera of wombat: may have lived well hack in
the Oligovene.
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1716, 12
A View frow luke of UCMP loe. Vo621, type loeality of Wufjamarpuy  faunn and
Wipajiri Formation.  Quarry is at edge of lake; tractor is stwnding on dune deposits.
B Closer view of Wipajiri Formation at V-6213 showing conrse dark basal elastic
deposity overlain hy Tlighter, thinly hedded leaf-hearing shales, Dip of baeds indicate elinnuel
configuration.  Shovel is approximately horizontal.  White Gin. ruler shows senlo.
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FENVIRONMENT

As indicated i the fannal List the Kutjamarpu is one of the most
diverse Pertiary vertebrate faunas vet nmeovered in Austealia. The
large nmumber of forest dwelling types indicates that the stream n
which the Wipajiri Formation was deposited passed through a woaded
area,  This is consistent with the setting implied by the abundant
impressions of Kucalyptus leaves Tonnd in the upper portion ol the
Formation.  The viparian situation rvepresented by the  Wipajin
Formation and its contained fossils indieates the former presence of
climates which were more hospitable than those whiel now obtain in
this part of Australia,

AGE OF THE KUTJAMARPU FAUNA

The peramelids, phascolarctids and macropodids have their closest
affinities with forms in the Neapakaldi fanna. The wombat is more
primitive than any known Pleistocene or Recent member of the family.
The aneestral position of Neohelos tirurensis to Kolopsts torns from
the late Miocene Aleoota fauna of the Novthern Territory (Stirton,
Woodburne, aud Plane, 1967), strongly points to a Miocene age for
the Kutjamarpu fauna, On the present evidence, the best estimate
of the age of the Kutjamarpn fauna i3 post-Ngapakaldi and pre-
Aleoota, probably closer to that of the Ngapakaldi fama. The
Wipajiri Formation was thos deposited alter the Btadonna Formation
anel betore the Mamprwordu Sands, The Wipajivi is the second oldest
formation in the five-fold stratigraphic snecession of Tertiavy rocks
i Ahe Tirari Desert and, as eompaved with the age agsigmuents given
fo the other fnunas iy the area, is probably Miocene m age,

T
APPINDIN A
Mensnred Seetvion |
AL UOMP Loeality VA%38, North-east shore, Lake Ngapakaldig fepe Toeadity of Naupakahili
frana, (See tig, 20
it Duseripting Thivkiness
| Gypsiforoos deilt sond, vemgne sl oo o0 o0 L 1S,
UNCONFORMUTY
ETADINNA TPORMATION
2 (Tegstons, dark grey s arenieeots parvtichs spavsely HINTH
distviboted ihroughont, o Grensy ™ appasroer
o Freshly beoken sopeiaees Busal antraforma-
tionad hreecin,
3 f fgstone, dalomitie, Tght grey,  SoGvemse ' texe 15in,
ture vn fresh o soelfiees Dasal dnerafarmation
congluteride ol greenn elaystone Fragment s,
i Clagstane, Zrey crecn o green with sentleeel fine 15in. +
wratined gnaetz swonl aml silt. Fossil manunals
al top (UCMTP Laoendity VSRS, Nystprdooldi
fonnea, Base il eeposed,
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Unit
1
TINCONJFORMITY

D3

L2t

TERTIARY FAUNA

Mensured Seetion 2

1,165° N. §° W. of V3838 (see fiz. 2)

Deseription
Gypsiforons drift sond; vrange red oo L0 L

Claystops, dack grey; arenaceons particles sparsely
distributed throughont.  Freshly broken sarface
s ¢t grensy '’ appearance.

Clayston, Hight grey, slight grevmsh tinge; lacks
Prppeasy T appearunee on frosh surfaee,

Cleystone, durk groy, s unit 20 bat possibly
shightly igher fraction of arveuaceons particles.
CoGreasy ' appearance on fres<h surface. Basal
intraformational breceln Gin, thick cousisting of
w lighter  grey claystowr wadeix euclosing
angnlar to subvonded  paocticlos of  hHight eal-
carcous nnudsgtone (nnit 3) mud o dark gy
claystone.  Thin (kin.) layer of gypsum variably
separating anits 4 oand 5,

Claystope,  eadenreous  (dolomitie),  light grey.
S Greasy !’ textore nn fresh surfuee. Seatteral
veenstowd puriicles of both Tighter wuddstone and
dark brownish grey elaystone,  Buasal coutact
witlh wnderlying green vlaystone  (Tossiliferous
at VAs538) iudieated by intratormational con-
glomerate of rounded to subrounded particles of
prbble and conrse saml sized Tragments of the
green elaystone, Total depth unt reached,

Mensured Section 3

459

Thickness
din. +4-

13in,

din.

Ain,

12in,

621, 4

I 240 lang pat (P 1) tremling N 4% B, whoge Noend is 49 8, 68° K, from ventre of main
quarry (VG213) of Kutjemarpy fawna. See g, 4

WIPATIRT FORMATION

3]

Uinit
i
UNCONTORMITY

9

<

Thoseription
e sl C0 o0 0 o e e e e e e e e

Shede, dark grey, thinly buoinated, with seattered
gypsuol erystals,  Leal remains, 56 to uworth
the hed thickens to 30, Lenses of well sorted
angular white zomwl grains ave interbedded o
lnwer part in assoeiation with furtle remains,

(Corresponds with unit 2, scelion 3.)

Claystaone, davk green, with ferraginons partings;
gesftopel gypsuim fragments, clay pebbles il
rounded durierust fragments oceur throughout.
Larger  cluystone  pebbles found  uear  base
(probably corresponds to uuit 3, section 3).

Claystone, light oreen, highly limonitie .. .. L.

Pebble conglomerate, grecu claystone, light cal-
sareous nnudstone and light grey elaystoue clasts
of Etadunna formuation in light groy elayvstone
watrix,  bLocal centres of limonite stain apid
gy psune erystals witerspersed. Sefenite uear hase,
Main fossil coneontreation; numerons remaing off
tish, turtle, crovodile amd oveasional manmals
(paeobably  eorrespomds  to part of  unit 3,
soetion D).

Thicknrss
Hiu,

Siu,

12in,
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UNCONFORMITY
ETADUNNA TORMATION
6 (laystone 1o siltstope, light greys @ greasy’" wlen 2 to bin,
wet (probably corresponds to vnit 2, section d).
Cloystons, limonite stadwed o, .0 .. o0 o0 oL L. Tin.

8 Claystone, enlearveous, dc grey. Bose not rewelnd fin. -
(Probulily corresponds to unit 3, seetion o)

66in. -
Measured Section
Norih end of pit 20 T4 S0 20% W_ of centre of VG213, See fig,
Unit Deserviption Thirkness
WIT'AJIRT FORMATION

1 Stndstonrs, browu, lerruginons, with green elay- Zin.
stone and Timonitie pebbles: gypeaanm partings,
Thickens to novth-cast Ceorresponds 1o it 3,
seetion 5),

UNCONFORMITY
ETADUNNA FORMATION

2 Claystone, Bght grey, with seattered fine sand- 24in,
sizedd urvenaceous particlos. This apparently com-
hines units 2 and 3 of section 2.

3 Ulagstons, dark grey, with basal intraformaationnl  20in,
brevein  consisting  of angular to subrounded
fragments ol light calearcous mudstone  and
darker brown elaystone in matrix dark grey
claystone.

4 Ciaystone, light  grey, ealeaveons  (dolomitic);  24n.
creen mtraformational hreceia ot base.

D Claystons. green.  Sanw as fossiliferous nnit at 4in,
V385, Base not exposed.

74in.

Measnred Section 5

Along line a-b (fig, 4) in wain quarry of Ktjomarpa fanue (VE213) 184510 N. 1° E. of
type lacality of Ngapakaldi faune (VASER1, See fig, 4 nud fig, 12, AL

Unit Dre=cription Thirktess
1 Dune sond . o0 o0 0 L0 L0 L0 L0 o oo oL L 6in,
UNCONFORMITY
WIPAJIRT FORMATION
2 Shale, dark grey, finely lnminated, containing piaut 33in,
rewmains, Limonitie stain ot hase.  Oveastonal
arenneenus partings  with Lmonite  stoin, and
lenses of fine sund with green elay balis or
arenaceous  green  elay  associated  with  turtle
remstins,

a Poebblr vopglomerate, rounded green, oceasionally Tin,
blue, elaystone elasts, with seattercd ferruginous
sndstone clasts (analler size than in unit 5),
rounded darierust Fragments, irregular siliveous
clasts.  Upper 2in. ferruginized.  Main verte
brate tossil horizon of Ruwtjamarpu fauna.
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4 Claystonr, Dlue, with seattored large green eluy- Jin.
stone elasts and lmonite conerclions and pebble-
sized groecar and brown elaystoue elustz. Con-
taing irupressions of  ouionad  peleeypods and
vertebrate remains.

5 Couglomerate, pebble  to houlder  sized  olasts, 4in,
miinly ronnded green sandstone, claystone and
subronnded  red  ferenginons  sandstone  frag-
nomts in o Daonite coated sand madrix. Maore
angular light to davk grey elayvstone  elasts
derived  from underlying Xtadounna  Covmation.
Seuttersd rounded dorierost elasts avd avgular
fraguents of chert. Conspieuous large  tured le
fragmeats usually standing on edge. Contains
fish, reptile and neanmal remaine,

UNCONFORMITY
ETADUNNA FORMATION

] (ligstone, light groy, base wot veached ..
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Drv, R, A, Stirton died suddenly on June 14th, 1966 while this paper was in press.
This great loss i1s keenly felt for “*Stirt’’ was a person of vare ability, cuthusiansm and
gencrosity and an ingpiration to all who knew him, The inquiry into the history of the
Australian mammals had been one of his major interests for over a deeade and it is largely
through his stimulus that much of the present knowledge coneerning the Tertiary vertebrates
of that continent has been brought to light. Our association with Dr. Stirton on these and
other studies has been a thoroughly enjoyable and rewarding experience aund it is our
inteution to ecarry on, as far as possible vnder the c¢ircumstances, the Australian projects
he mitiated.

R. H. Teprorp and M. O, WOODBURNE.



